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Abstract 
The comprehensive analysis was carried for searching the ways of load reduction to the environment in the process of oil and oil 
products tanks construction and maintenance. The laboratory studies results of expanded polystyrene granules adding effect in an 
average size sandy soil to a relative vertical deformation of the obtained mixture under the loadings arising under the tanks 
bottom for a liquid hydrocarbons storage in the process of their maintenance are presented. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The heat losses reduction in oil and oil products storage and transport is the actual task in oil and gas fields 
developing in adverse climatic permafrost conditions of the Far North [1-9]. The heat losses reduction problem of 
storage and transport of liquid hydrocarbons has various aspects. On the one hand, oil and oil products properties 
depend on the temperature [10-14]. On the other hand, the heat emission into environment results in thawing of oil 
and gas facilities soil foundation that can bring to their instability. Currently, searching for better solutions of beds 
preparation in relation to regional soil conditions continues. It is obvious that the development of new efficient types 
of beds and technologies of composing soil properties improvement is possible only based on detail studying of 
deformation processes under loading, by soil mechanics methods and further technologies validation of their mass 
construction [15-19]. There are various design solutions and processes aimed to reduce heat losses in oil and oil 
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products transport and storage [20-28]. As a rule, they require additional energy consumption and specialized 
equipment. To solve this problem it is proposed to use heat-insulating additives in foundations soil, including liquid 
hydrocarbons storage tanks. It should be noted that introducing artificial additives into the soil should not worsen 
their deformation properties providing necessary stability conditions during the whole operation period [29,30]. 
2. Study subject 
The effect of artificial additives on sandy soil deformation properties is chosen as the study subject. In the course 
of conducted researches, it becomes necessary to specify the influence of humidity on a sandy soil as a whole and on 
its separate fractions. An alluvial average size sandy soil of the Irtysh River floodplain (Fig. 1) was used as a soil 
base for carrying out the research. The grain size distribution of the sandy soil used is presented in the table (Table 
1). 
Table 1. The Grain size distribution of the sandy soil. 
Soil fraction, mm >10 5-10 2-5 1-2 0.5-1 0.25-0.5 0.1-0.25 <0.1 
Fraction’s content, % 0.00 0.00 0.89 5.36 25.32 39.08 21.58 4.78 
 
The sandy soil was brought to an air-dry state in the research preparation process. The soil residual humidity did 
not exceed 1% while carrying out laboratory tests (Table 2). 
                                               Table 2. Physical characteristics of the sandy soil. 
Physical characteristic Value 
Bulk density, kg/m3 1620 
Density of soil particles, kg/m3 2560 
Humidity, % 0.9 
Porosity ratio, unit fraction 0.6 
 
Expanded polystyrene granules (foamed polystyrene) (Fig. 2) were used as artificial additives. The granulated 
foamed polystyrene was first of all selected  due to its low heat conductivity (Table 3). 
                                               Table 3. Characteristics of expanded polystyrene granules. 
Characteristic Value 
Size of granules, mm 2 y 4 
Heat conductivity, W/(m•K) 0.031 
Bulk density, kg/m3 18 
Operating temperature, ºС − 60 … + 75 
 
The manufacturer of the expanded polystyrene also says of durability of this material (up to 200 years), its 
moisture and decay resistance [31]. 
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Besides, it is practically hydrophobic, an absorbability limit under any humidity is not more than one percent, 
which means the stability of all heat-saving characteristics in any atmospheric conditions. The foamed polystyrene is 
environmentally friendly and nontoxic material. The foamed polystyrene is rather fire-resistant, it is not capable to 
independent combustion. It is very resistant to various substances, including salt solutions, sea water, cement, lime, 
plaster and others. 
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3. Methods 
The technology of mixing of average size sandy soil and expanded polystyrene granules was developed at the 
initial stage of the researches. As the mixed mediums have densities differing practically by 100 times there were 
difficulties while forming a homogeneous mixture of «expanded polystyrene granules – average size sandy soil» 
(Fig. 3). It was offered to wet first the sandy soil being used for stable forming of the homogeneous mixture (Fig. 4).  
The necessity of sandy soil preliminary wetting demanded the refinement of humidity effect on its deformation 
properties. To define the effect of humidity on soil deformation properties and to specify the required water amount 
for obtaining the soil of desired humidity, additional laboratory researches were carried out. 
Compression tests of average size sandy soil samples of various humidity were conducted in the course of 
additional researches. The maximum pressure value was accepted from a modeling condition of loading under the 
bottom of a vertical tank for oil and oil products storage with 50 000 m3 capacity during its hydraulic tests and was 
180 kPa (Fig. 5) 
 
 
Fig. 5. The program of compression tests. 
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Besides, the research of humidity effect on deformation properties of separate fractions of the used sandy soil 
was conducted. For this purpose initial alluvial average size sand of the Irtysh River floodplain by means of sieves 
set was divided into separate fractions with 2.0÷1.0, 0.5÷1.0 and 0.25÷0.5 mm particle size. The data concerning the 
humidity of the examined media and the value of its relative vertical deformation were the results of carrying out of 
sandy soil and its separate fractions compression tests. The humidity values range of sandy soil used for «expanded 
polystyrene – sandy soil» mixture forming was also determined on the basis of the data obtained. 
The technique providing consecutive performing of three successive stages: preparatory, main and final (Fig. 6) 
was developed to study the effect of artificial additives onto deformation properties of the formed mixture. In the 
course of the main research phase parallel performing of the following works such as the humidity control of 
prepared soil sample rest and the soil sample compression tests was provided. The necessity of additional humidity 
control of the prepared soil sample was caused by two factors: the complexity of accurate dosing of required water 
amount and possible moisture losses as a result of evaporation while soil mixing. This research phase resulted in the 
data set linking the volume fraction size of expanded polystyrene in soil with the relative vertical deformation of the 
examined mixture. On the final research phase graphs are drawn and rational parameters are established based on 
the data obtained. 
4. Results and discussion 
In the course of the performed researches, the humidity effect of alluvial average size sandy soil to its relative 
vertical deformation for 75, 125 and 180 kPas loads was consistently specified. The obtained relationship unlike a 
previous one [32-34], characterized by the expressed extremum, shows the range in which the value of relative 
vertical deformation is practically constant. The experimental studies showed the dependence of soil consolidation 
value on its humidity and pressure applied. When the soil humidity grows from 0 to 2% the value of relative 
consolidation of its skeleton increases from 4% to about 10%. When sandy soil humidity values vary from 2 to 15% 
the value of relative consolidation of its skeleton remains almost invariable and equals 10%. With a further soil 
humidity growth (over 15%) the value of relative consolidation of its skeleton decreases. The sharp value increase of 
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relative consolidation of soil skeleton from 0 to 2% is assumed to be caused by the decrease in friction forces 
between sandy soil particles due to a liquid phase (water) in soil pores. 
 
 
Fig. 7. The effect of sandy soil humidity to the value  of relative deformation for various loading values. 
 
Fig. 8. The humidity effect to the relative vertical deformation of sandy fraction with 1.0÷2.0 mm particles size. 
In its turn, the sharp value decline of the relative soil skeleton consolidation with its humidity over 15% is likely 
to be caused by the reduction of a gas phase fraction in soil pores and growth of resistance forces to compression 
from the liquid phase. It was also found that the sandy soil deformation depending on the pressure applied is 
nonlinear. The deformation growth is slowed down while pressure increasing (Fig. 7). 
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Laboratory tests allowed specifying the humidity effect to the relative vertical deformation of separate fractions 
of initial sandy soil with 1.0÷2.0 mm, 0.5÷1.0 mm, 0.25÷0.5 mm particles size. Thus, during compression tests of 
samples with 1.0÷2.0 mm particles sizes it was found that the maximum examined fraction consolidation is 6% 
humidity (Fig. 8). When soil humidity values ranges from 0 to 6% there is a sharp increase of consolidation extent 
(1.04 up - 1.19 times), if over 6% there is a decline (up to 1.08 times). The examined fraction practically has no the 
humidity range in which the deformation value is constant as it was observed in the initial sandy soil (Fig. 7). The 
fact should be mentioned that in the course of compression tests of sandy fraction with grains over 1 mm, the bigger 
density value is obtained (1.74 g/sm3), which is 1.08 times bigger, than for the consolidated initial sandy soil (1.61 
g/sm3). 
Fig. 9 shows the results of compression tests of samples with 0.5÷1.0 mm particles sizes. The data presented 
shows, that in the soil humidity values range from 0 to 3% there is a sharp (3 times) growth of the relative vertical 
deformation value (from 0.039 to 0.123).Then, in the humidity values range from 3 to 19% there is almost invariable 
value of the relative vertical deformation (0.117 on average). 
Results of compression tests of samples with 0.25÷0.5 mm particles size are shown in Fig. 10. Apparently, from 
the presented data, the increase of relative vertical deformation value from 0.045 to 0.116 takes place in the range of 
soil humidity values of 0 to 6%. The local increase of relative vertical deformation value to 0.13÷0.14 was 
registered in the humidity values range of 8÷10 %. Further on, when the humidity values vary from 10 to 20% 
practically invariable value of relative vertical deformation takes place (0.105 on average). 
 
 
 
Fig. 9. The humidity effect to the relative vertical deformation of sandy fraction with 0.5÷1.0 mm particles size. 
 
 
Fig. 10. The humidity effect to the relative vertical deformation of sandy fraction with 0.25÷0.5 mm particles size. 
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Fig. 11. The heat-insulating additives effect to the sandy soil relative vertical deformation. 
 
 
Fig. 12. Additives effect to the sandy soil relative vertical deformation in the range of 0 to 7%. 
The diagram (Fig. 11) shows that additives of expanded polystyrene granules in sandy soil have a nonlinear 
effect to the relative vertical deformation of the obtained mixture. Two specific areas can be seen on a diagram of 
relationship: the first one with the content of expanded polystyrene granules up to 10% by volume and the second 
one with the content of over 10%. As the diagram (Fig. 12) illustrates expanded polystyrene additives up to 10% by 
volume practically do not affect the value of relative vertical deformation, which average value varies from 0.068 to 
0.083. In the range of 10 to 40% almost a linear dependence of relative vertical deformation of the mixture on the 
additives used was registered. 
5. Conclusion 
In the course of performed researches focused on studying of artificial additives effect to soil deformation 
characteristics of oil and oil products storage tanks foundation, the range of humidity values of 2 to 15%, in which 
the extent of sandy soil consolidation is maximum and almost constant was determined. Constructing tanks for oil 
and oil products storage this will enable to extend a time span of working on soil consolidation after its wetting, and 
to reduce requirements to the uniformity of soil wetting, both on depth and consolidation site. 
The nature of humidity effect to the value of the relative vertical deformation of sandy soil fractions with 1.0÷2.0, 
0.5÷1.0 and 0.25÷0.5 mm particles size was also ascertained during the study. The reduction of particles size brings 
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to the expansion of humidity values range under which the relative vertical deformation value is almost invariable. 
However, it should be noted that in all cases the humidity effect to the relative vertical deformation value has no 
clearly extreme characteristics. A wide range of humidity values in which the relative vertical deformation value 
does not change or changes in a small range was observed in the given research. 
For homogeneous mixing of expanded polystyrene granules and sandy soil to prevent the effect of uncontrollable 
humidity change of the formed mixture to the compression tests results, the initial sandy soil is offered to be 
preliminary wetted to 6÷8 %. The effect of artificial additives as expanded polystyrene in average size sandy soil to 
the relative vertical deformation of the obtained mixture is nonlinear. The expanded polystyrene artificial additives 
in the range of 0 to 10% by volume practically do not effect the relative vertical deformation of the obtained mixture 
for loadings arising in the operation process under the bottom of tanks for storage of liquid hydrocarbons. With the 
range of 10 to 40% by volume the effect of the heat-insulating additives to the relative vertical deformation of the 
obtained mixture for loadings values arising in the operation process under the bottom of tanks for storage of liquid 
hydrocarbons is almost linear. As adding of additives in the form of the granulated expanded polystyrene up to 10% 
by volume into the sandy soil does not affect the relative vertical deformation of the obtained mixture, a practical 
application of the developed mixture with improved heat-insulating properties is possible as a foundation soil of oil 
and oil products storage tank. 
The application of encapsulated oil-slimes as artificial additives in soil foundations of tanks for oil and oil 
products storage is considered to be promising for further researches. Production, transportation and refining of 
crude hydrocarbons is closely connected with the generation of various hazard class wastes. The existing reagent 
technology allows providing an immobilization of pollutants by means of their processing in fine-dispersed, solid, 
hydrophobic, biologically inert encapsulated compositions in the shortest time. Important advantages of this 
technology are simplicity of its realization and the property of the obtained product to reduce a corrosion activity of 
metals and adjacent soils. Physicochemical properties of encapsulated oil-slimes allow considering them as 
perspective soil additives constructing foundations of tanks for oil and oil products storage. Taking into account a 
decrease in transportation costs, the above-mentioned advantages will enable to achieve the greatest economic 
efficiency using the encapsulated product material close to its production place. Refining of deformation 
characteristics of the «sandy soil - encapsulated oil-slime» mixture would allow to estimate the possibility of these 
mixtures application for the construction of foundations of tanks for liquid hydrocarbons storage, thereby solving the 
problem of oil and oil products polluted soil utilization and reducing significantly an environmental impact on the 
environment [35-40]. 
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